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1INTRODUCTION
The development and widespread use of radar systems in  
World War 11, and the post-war te lev ision  boom, has brought 
about a large amount o f investigation in antenna arrays.
One of the types o f antennas commonly used on radar systems 
during the early part 'of the war, and one which finds wide 
usage today as a te levision  receiving antenna, is  the well 
known Yagi antenna. An antenna array using two Yagi antennas 
is  shown in Figure 1.
FIGURE 1: A Television Receiving Antenna Array
Using Two Yagi Antennas.
&Since te lev ision  antennas are usually  mounted out of 
doors, the antenna must be made mechanically strong to 
prevent whipping or twisting due to wind, and to prevent 
sagging due to icing or to it s  own weight. These precautions 
are necessary since i f  any of the antenna elements are 
twisted or sag, such that they are not a l l  p a ra lle l and in  
the same plane, currents may be induced in the elements 
which do not have the proper phase relationship and "ghost 
reception” w il l  result..
Due to the necessity of this mechanical strength it  is  
common practice in  the manufacture of th is type of antenna 
to mount the elements so lid ly  to a m etallic crossbar. This 
crossbar being in the near f ie ld  of the antenna array w il l  
experience an induced current and w il l  act as an antenna 
element. I t  was the purpose of this experimental investiga­
tion to study what e ffect the placing of this m etallic  
crossbar across the antenna elements had on the current 
distribution  along the antenna elements, ana on une ra a ia - 
tion pattern of the whole antenna array. "While it  might be 
assumed that some investigation of th is problem must have 
been done by the manufacturers before putting this type of 
antenna into production, a check of the availab le  lite ra tu re  
indicates that very l i t t l e  work has been done along this  
lin e . Considerable work has been done in recent years by 
other persons interested in current d istribution  along 
various types of antenna elements, but none of these invest­
igations were d irectly  applicable to the particu lar problem
3at hand. However, 'some of the resu lts of the previous work 
could be used in evaluating the resu lts obtained in this 
investigation, and that material w il l  be discussed at the 
proper place in this thesis giving due credit to the proper 
investigators.
From the standpoint of antenna theory it  is  desirable  
to know the current distribution along the antenna elements, 
since i f  i t  is  known, the radiation pattern and the input 
impedance of the antenna system can be found, contingent 
only upon the a b ility  of the person making the investigation  
to perform the various integrations that w il l  be encountered.
4REVIEW OF LITERATURE
In the preparatory reading fo r  this investigation  
i t  was found that there was no available lite ra tu re  d irec t­
l y  related to this problem. However, there were two 
reports re la tin g to current d istributions along various 
types of antenna elements, and some of the results obtain­
ed are c lose ly  related to the problem being investigated 
in th is thesis. These reports w il l  now be b r ie f ly  d is ­
cussed.
Barzila i^ahas made an investigation  of current and 
charge d istribu tion  along a cy lindrica l conductor being 
used as a transmitting antenna. In his Investigation
( la )  B a rz ila i, G., Experimental Determination of Current 
and Charge Along Cylindrical Antennas, Proc. IRE,
Vol. 37, July 1949, Pages 825-830
he used a longitud ina lly  s lotted  hollow conductor fo r  the 
antenna. A slug containing a magnetic f ie ld  pickup loop 
which protruded above the outside surface of the hollow 
conductor, a capacitor and a crysta l r e c t i f ie r ,  a l l  con­
nected in series , was placed inside the antenna such that 
the loop could be moved along the antenna. The voltage 
induced in the loop was re c t if ie d  by the crystal r e c t i f ie r ,  
and this re c t ifie d  voltage would In turn charge the cap­
ac ito r. The voltage across the capacitor was used as an 
indication of the current d istribu tion  in the region where 
the loop was located.
5An experimental apparatus sim ilar to that used by 
B arz lla i was decided upon fo r  this investigation , since his 
resu lts indicated that such an apparatus would operate sa t is ­
fa c to r ily , and would not be so elaborate that i t  would take 
many months to construct and put into operation.
' PflMorlta has made a measurement of current d istributions  
along a dipole used as a receiving antenna fo r  various d i­
pole lengths and various load impedances. The experimental
(2a) M orita, T . , Current D istributions on Transmitting and 
Receiving Antennas, Proc. IRE, Vol. 38, August 1950, 
Pages 898-904
apparatus he used was b u ilt  up during World WarJT at the 
Cruft Laboratory, Harvard University, fo r  the purpose of
investigating current d istributions on transmitting antennas. 
The apparatus was very elaborate and would eliminate many 
experimental errors, but neither time nor fa c i l i t ie s  would 
allow such an apparatus to be b u i lt  up fo r  the investigation  
being made' in this thesis. The s ign ifigan t thing to note 
about M orita1s report is  that the current d istributions do 
not rad ica lly  depart from the sinusoidal d istribution  that 
is  obtained fo r  dipoles when used as transmitting antennas. 
This would seem to indicate that although the current d is ­
tributions w il l  generally not be sinusoidal along an antenna 
element when used as a receiving antenna, i t  could be expect­
ed that they w il l  not seriously  -depart f  ran that wavef oim. 
M orlta’ s resu lts might constitute a p a rt ia l verifica tion  of 
the resu lts obtained in this thesis.
6INTRODUCTION TO iOJTMNA TEEOfff
The Yagi antenna would-be c la ss ifie d  as a "paras itic ” 
array since only one o f the elements is fed  from the trans­
m itter, or i f  a receiving antenna, connected to the receiver, 
the rest of the elements depending upon electromagnetic 
coupling for their excitation . The element into which cur­
rent is fed, or taken from, the antenna array is  termed the 
"driven” element, I'he elements which depend upon e lec tro ­
magnetic coupling with the driven element are termed ”para- 
s i t i c ” elanents.
The electromagnetic coupling between the driven and the 
parasitic elements is  sim ilar in nature to the coupling ac­
tion found in. ordinary transformers, and i t  is  evident that 
the magnitude and phase of the current induced in any one 
of the parasitic elements w i l l  be a function of the spacing 
between it  and the driven element to which i t  is  coupled.
I t  is  also evident that due to the mutual coupling between 
the. elements there w i l l  be an impedance transferred back in ­
to the driven element of the array, sim ilar to the transfer­
red impedance encountered in transformers when the secondary 
side is  loaded, 1‘he fac t that the re la tive  amplitudes and 
phases of the currents i n ‘the parasitic  elements can be var­
ied is advantageous, since by the proper length and spacing 
of the paras itic  elements a radiation pattern which is  nearly 
unidirectional can be obtained, ^ince the amplitude and phase 
of the current on any one parasitic  element w i l l  not reach 
their proper value for maximum d irectiv ity  simultaneously,
7the radiation in  the reverse d irection  can never be reduced 
to zero, but by proper design of the antenna array the ra tio  
o f the radiation in the forward d irection  to the radiation 
in the backward d irection , commonly known as the front to 
back ra tio , can be made very large.
The parasitic elements used in this type of antenna are 
termed "d irectors" and "re fle c to rs ” . A parasitic  element 
is  a d irector i f  i t  produces maximum radiation perpendicular 
to the driven element and directed along a lin e  drawn from 
the center point of the driven element to the center o f the 
parasitic  elements. A parasitic element is a re fle c to r  i f  
i t  produces maximum radiation perpendicular to the driven 
element, but in the opposite d irection  o f a lin e  drawn from 
the center point o f the driven element to the parasitic  e le ­
ment. A parasitic  array using one director and one driven 
element, and one re fle c to r  is shown in  Figure 2.
The re la t iv e  phases of the currents in  the driven e le ­
ment, and in the parasitic  element, w i l l  determine whether 
that particu lar parasitic element w i l l  function as a d irect­
or or re fle c to r . This re la tive  phase can be varied by the 
spacing of the parasitic .element, or by changing its  physi­
cal length, or both. I f  i t  is  desired to have the adjust­
ment a function o f the spacing only, the parasitic  element 
can be cut to the proper length to make i t  s e lf  resonant at 
the operating, frequency, and then simply vary the spacing 
u n til i t  gives the best d irectional characteristics. This 
method may be practica l at high frequencies where the anten­
na elements are not long, but the required spacing between
Parasitic  Array Using One D irector,
One Driven Element, and One Reflector.
FIGURE 2:
9the driven element and the parasitic  elements can be reduced 
i f  the parasitic  elements are not tuned to s e l f  resonance. 
Since the phase of the current induced in any parasitic  e le ­
ment w i l l  be dependent upon the impedance of that element 
i t  is read ily  seen that the phase can be changed by making 
the impedance of the parasitic--element have a reactive  com­
ponent. S’r.om a design standpoint this is  r e la t iv e ly  simple 
since an antenna element that is longer than a half wave­
length. at the frequency being used w i l l  have inductive reac­
tance, and an antenna that is  shorter than a h a lf wavelength 
w il l  have capacitive reactance. The same e ffe c t  can be pro­
duced by loading the antenna elements at the center points,
using an inductance i f  inductive reactance is required, and
\
using capacitance i f  capacitive reactance i s  required. I t  
has been diown by Brown (D  that by introducing a reactive
(1 ) Brown, G-. H ., D irectional Antennas, Proc. IRE, Vol. 25, 
January 1937, pp. 78-145.
component in the paras itic  e l orient impedance that optimum 
re flecto r performance can be obtained at spacings less than 
.25 wavelengths.
The fact that proper phasing can be obtained with spac­
ing less  than .25 wavelengths has another desirable aspect 
in  that when the parasitic  elements are brought closer to 
the driven element the magnitude o f the induced currents w i l l  
be la rge r , which w i l l  result in more antenna gain, and a bet­
ter front to back ra tio .
Brown has also shown that there i s  a lim itation as
(2^ Brown, G. H ., Ib id .
to how much reactance can be introduced into the parasitic 
elements, since i f  i t  is  too large-’the parasitic  elements 
w il l  cease to g ive any d irectional characteristics and the 
antenna array w i l l  then act as a simple half wave dipole.
Brown has also shown that optimum spacings are about 
.15 wavelengths for a re flec to r having a length of 1.05 
wavelengths, and about .1 wavelengths for a d irector having 
a length of .96 X/2 wavelengths. This value o f re fle c to r  
spacing and length was used in th is thesis.
As has previously been stated, i f  the current d istribu ­
tions along the antenna elements are known, i t  would be ana­
ly t ic a l ly  possible to obtain the radiation pattern fo r  the 
vh.ole antenna array. This can be done by find ing, at a point 
about the antehna array, the e le c tr ic  f ie ld  in tensity contri­
buted by each of the antenna elements and then performing a 
vector addition to find the to ta l e le c tr ic  f ie ld  in tensity 
at that point. The mathematics involved w i l l  generally^be 
d i f f ic u lt  and laborious, and graphical in tegration w i l l  usu­
a lly  be required.
Since the radiation pattern of an antenna is  a graphi­
cal representation o f the rad iation  from the antenna as-a 
function of d irection , i t  is  common practice to express the 
radiation in  a given d irection  in  terms of i t s  e le c tr ic  f ie ld  
strergth (S vo lts  per meter). A p lot of f ie ld  strength ver­
sus d irection  is known as a f ie ld  strength pattern. Another
13
type o f radiation pattern that can be made is  a power pat­
tern, where the radiation in  a given d irection  is  expressed 
in terns of power per unit so lid  angle. However, this type 
of radiation pattern does not find  wide usage, and w il l  not 
be used in th is investigation . I t  is  evident that to have 
a complete radiation pattern, a three dimensional presenta­
tion would be required. Since a three dimensional p lot is  
d i f f ic u lt  to make, the usual procedure is  to obtain f ie ld  
strength patterns in  a horizontal plane and in a v e r t ica l 
plane, commonly known as horizontal and v e r t ic a l patterns. 
From these two patterns i t  is  usually easy to v isu a lize  the 
three dimensional radiation pattern o f the given antenna 
array.
The method for obtaining the expression of the e lectric  
f ie ld  at a point in space is  presented in most textbooks on 
antenna theory, and only a b r ie f discussion o f the method as 
presented by Iordan w i l l  be made here.
(3 ) Iordan, E. C ., Electromagnetic Waves and Radiating Sy­
stems, Prentice-H all In c ., 1950, Art. 3.08, 3.09, 10.01 
to 10.09.
In vector analysis i t  i s  a w ell known fact that the d i­
vergence of a vector which in  i t s e l f  i s  the curl o f another 
vector is  equal to zero. Since we know that magnetic flux  
lines must be continuous, or stating th is fact in terms of 
divergence we can write that
v -h=o (1)
We could define a vector on the basis of i t s  curl be-
12
Lng equal to the magnetic f ie ld  in tensity . This new vector 
Is called.the magnetostatic vector poten tia l, and w ill be 
given the symbol A. Thus;
V *A  = H
jProm Maxwell’ s. equations we note that
(2)
(3)V.x H=J
/here X is the conductive current density at the point 
/here X ex is ts , and substituting equation (2 ) into equation 
( 3) we have
V X ^ X A  — yo
( i )
Any number of magnetostatic vector potentials-may have 
the same curl, hence we" have not uniquely defined the vector 
2T. However, only one vector can have a given curl and also 
have a given divergence, thus i f  we specify the divergence 
in some convenient manner the vector A w il l  be completely de­
fin ed . A convenient choice is  to have the divergence equal 
to zero. Thus we have
V- A =0 (5)
I t  can be shown that
V x V *  A = v  ( v  a) -  V*A
and since V* ^  has teen previously defined as being equal 
to zero equation (6) reduces to
V X V X A  = - v * A






I f  we are interested in .the vector.magnetostatic potentia l 
inside a conductor, i  w il l  be the conduction current. I f  
we are interested in the vector magnetostatic potentia l 
outside a conductor T is  equal to zero. We may also note 
that there w il l  be only a Z component o f current density i f  
the conductor is oriented in the Z d irection  (see Figure 3 ), 
and applying this to equation (10) we find tin t the vector 
A must also have only a Z component. Thus equation (id re­
duces to
where Xz is  the conductive current density.
If. the vector magnetostatic potentia l at a point P 
outside a straight thin current carrying conductor, (^ ig .
3) is  desired, we may find th is vector potentia l by perform­
ing a volume in tegra l over the en tire space that is  carrying 
current. I f  r  is  the distance from each elementary unit of 
current to the point where the vector potential is  being de­
termined th is in tegra l can be w ritten  as
( 11)





I f  we are interested in the vector magnetostatic potential
inside a conductor, T w ill be the conduction current density 
I f  v/e are interested in the vector magnetostatic potential 
outside a conductor i  is  equal to zero* We may also note 
that there w il l  be only a Z component of current density i f  
the conductor is  oriented in the Z d irection  (see Figure 3 ), 
and applying this to equation (10) v/e find  that the vector 
A must also have only a Z component. Thus equation (10) re­
duces to
where Tz is  the conductive current density.
I f  the vector magnetostatic potentia l at a point P 
outside a straight thin current carrying conductor, (F ig .
3) is desired, we may find this vector potentia l by perform­
ing a volume integral over the entire space that is  carrying 
current. I f  r  is the distance from each elementary unit of 
current to the point where the vector potential is being de­
termined this in tegral can be written as
V 2 A *  - (ID
vd





Since point (P) is  outside the- conductor, integrating 
with respect to dx and dy w i l l  y ie ld  the to ta l current flow ­
ing in the cross section o f the incremental length being con­
sidered. Thus equation (14) may be written as
A2=4\rj^ (14)
O
where Tz is now the current and not current density.
Referring again to figure (5 ), i t  is  noted that point
(P) is  located some distance away from the current carrying
conductor, thus the e ffec ts  o f a chanee in conductor current
( i _ )  w i l l  nor arrect conditions at point (P) until some la - z
ter time due to the f in it e  time required for the change to 
reach that point. This time lag can be taken into account by 
using a retarded magnetostatic vector potentia l function which 
can be written as
7/here ( t )  is  the time and (v) the ve lo c ity  of the traveling 
wave.
Now that the re lation  far the magnetostatic potential 
has been developed, we may now proceed to develop the equa­
tions fo r  the e lectric  and magnetic f ie ld s  outside the con­
ductor. The magnetic fie ld  intensity (H) can be obtained 
from _  —
V*A (16)
I f  the analysis is  carried out in  spherical co­
ordinates, (usually  the only- practica l coordinate system to
16
use fo r  this type of problem), and using sym bols V* , ,
and , as shown in Figure (4 ),  i t  w il l  be found that when
2
equation (16) is evaluated the fo llow ing equations w il l  re ­
suit
17
By another of Maxwell’ s equations, namely
V* E= -
the fo llo w n g  e lectric  fie ld  components w i l l  resu lt
(18)
E = .^i££t*S
[ w >  “*)+£? **(«fr-**)\ (19)
p — y\ f -  -A _




A ll  other components of e lectric  and magnetic f ie ld  w i l l  be 
found to be equal to zero.
At a distance fa r removed from the antenna i t  i s  seen 
that the V r  and the terms w il l  become neg lig ib ly
small and Er can be considered zero. Also equations (17) 
and (£0) w i l l  reduce to .
E g -  y\
X J t ^ G  
Z  KA C m  (
u>t\ (21)
x f  a i t t  _  cj^
(22)
in a region fa r  removed from tte antenna
E e  ~ n (23)
From a s t r ic t ly  analytical standpoint, i t  might at f i r s t  
glance seem feasib le  to find the current d istribution  along 
an antenna element by making i t  a boundary value problem. 
Since the e lectric  and magnetic f ie ld  re lations fo r  any rad-
ia tin g  system must sa tis fy  Maxwell's equations, any solution  
would have to be obtained from relations satisfy ing the se 
equations, both inside and outside the conductor, and also  
would have to satisfy  the boundary conditions at the surface  
of the rad iator. An exact solution for the electromagnetic 
fie ld  would lead to the required current d istribution  on the 
antenna. However, exact solutions for the electromagnetic 
fie ld s  are very d if f ic u lt ,  and solutions fo r  only a very few 
configurations have been obtained. It  is  also unfortunate 
that the configurations for which solutions have been obtain­
ed have l i t t l e  p ractica l application.
The usual procedure i s  to assume a current distribution  
and then develop the re lations fo r  the e lec tric  and magnetic 
f ie ld s . Obtaining the re lations for the fie ld s  by this me­
thod is not nearly so d iff ic u lt  as by making i t  a boundary 
value problem. I t  is  evident, however, that the accuracy off
the solution obtained depends upon how nearly the assumed cur­
rent d istribution  represents the actual d istribution .
I f  only a single dipole radiator of short length and ne­
g lig ib le  thickness is  analyzed, a simple sinusoidal d istribu ­
tion is  usually assumed. Since the radiation pattern obtained 
by using this assumed current agrees very closely with the ra ­
diation pattern obtained experimentally, th is assumption turns 
out to be a very good one. However, th is hypothesis is accep­
table only when the antenna is  short (not much longer than a 
half wavelength for center fed antennas) and very thin. For 
thick and long antennas th is  hypothesis very often leads to 
resu lts that are not a good approxiration of the actual cur­
rent d istribution . In these eases i t  becomes necessary to 
find t he actua 1 current .distribute on by exp er iment al means.
I f  the thickness o f  the antenna cannot be considered 
neglig ib le  at the wavelength being used, the crowding o f the 
e lec tr ic  lin es  of force at the ends of the antenna, commonly 
known as "frin g ing e f fe c t "m u s t  be considered. This crowd­
ing o f the e lec tr ic  lines o f fo rce  would require a greater 
concentration of charge near the ends, which could be looked 
upon as an increase in capacitance per unit length near the 
ends o f the antenna. This e f fe c t  tends to lengthen the e f ­
fe c tiv e  length of the antenna, thus making the antenna self 
resonant at a lower frequency. I t  has been shown by 
Schelkunoff and F r iis  ^  that due to the ’’fringing e f fe c t ”
(4) Schelkunoff, S. A. and F r iis , H. T . , Antennas: Theory
and Practice, Wiley, 1952, pp. 245-247.
the sinusoidal d istribution assumption is a very poor one 
near the ends o f  the antenna.
Another important factor to be considered i f  a receiving 
antenna is  analyzed is  that the sinusoidal d istribution  assum­
ption is  based on having a l l  the power supplied to the anten­
na across a very small portion o f its  length. I f  the antenna 
is  being excited by a continuous d istribution  o f impressed 
e le c tr ic  f i e ld ,  this approximation is  not va lid , and the cur­
rent d istribution  may not be anything lik e  a sinusoidal d is­
tribu tion . Por th is  reason i t  is  d i f f ic u lt  to make any accu­
rate predictions as to vhat the current d istribution  on a re ­
ceiving antenna w il l  be.
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Considerable work, both experimental and theoretica l, 
has been done on the problem o f current d istribution  in re ­
cent years, ( 5" ^ l )  but the numerical calculations o f the the
(5 ) Schelkunoff, S. A ., Theory of Antennas of A rbitrary  
Size and' Shane, Proc. IRE, Yol. 21, Spt., 1941, pp. 
943-521.
(6) Boukamp, C. J ., Hallen’ s Theory for a Straight Perfect­
ly  Conduc ting Wire. Physics, Yol. 9, July, 1942, p.
609.
(7) King, R. and Harrison, C. W., The D istribution of Cur­
rent Along a Symmetrical Center-Driven Antenna, Proc. 
IRE, Yol. 31, Oct. 1943, pp; 548-567.
(8) King, R. and Middleton, C. W., The Cylindrical Antenna, 
Q,uart. Appl. Math. , Yol. 3, Ian. 1946, pp. 302-335.
(9) B a rz ila i, G. Experimental Determination of the D is t r i­
bution of Current and Charge Along Cylindrical Antennas, 
Proc. IRE, Yol. 37, July 1949, pp. 825-830.
(10) Morita, T . , The Measurement of Current Distributions  
on Transmitting and Receiving Antennas, Proc. IRE, Yol. 
38, Aug. 1950, pp. 898-904.
(11) Morita, I . ,  and E afliek , C. E . , The Measurement of Cur­
rent D istributions Along Coupled Antennas and Eolded 
Dipoles, Proc. IRE, Yol. 39, Dec. 1951, pp. 1561-1565.
oretica l resu lts are invariably  d if f ic u lt  and laborious, and 
most of the experimental resu lts  have been for transmitting 
antennas with the object of investigating the input impedance 
of the antenna array.
DISCUSSION-OF EXPERIMENTAL PROCEDURE, APPARATUS. AND RESULTS 
PROCEDURE:
To investigate the e ffe c t  of a m etallic crossbar of a 
Yagi receiving antenna on the radiation pattern, and on the 
current d istribution  along the antenna elements, radiation 
pattern and current d istribution measurements were taken fo r  
various re fle c to r  spacings, f i r s t  with the crossbar o ff  and 
then with i t  on. The re fle c to r  spacings used were .08>,
.15X, .3A, and .5A. The. antenna array used consisted of a 
driven element and. one re fle c to r . The driven element had a 
length of exactly and the re fle c to r  had a length of 
approximately 1.05 Va*
EXPERIMENTAL. EQUIPMENT;
A plan view of the whole experimental arrangement is 
shown in Figure 5. Figure 6 is  a photograph showing this 
arrangement, and Figures 7, 8, 9, 10, and 11 are photographs 
showing close-up views of the components. Figure 7 shows the 
transmitting antenna system and its  associated o sc illa to r .
The o sc illa to r  used was a TJ. S. Army Signal Corps T-9/APQ-2, 
converted to laboratory use by addition of a power supply 
designed to operate on 110 vo lts AC. This o sc illa to r  uses 
two VT 338 tubes operating in push-pull, and is  frequency 
variable from about 250 to 500 megacycles. For this invest­
igation  a frequency o f 400 megacycles was chosen, since this 
would not make the physical length of the receiving antenna 
elements such that they would be d i f f ic u lt  to mount and 
manipulate, and yet would have su ffic ien t length to be able
loop
FIGURE 12a: Sim plified Diagram Pick Up Loop C ircu it.
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FIGURE 6: Experimental Apparatus
FIGURE 7: Transmitting Antenna System
FIGURE 8:
Experimental Apparatus fo r  Radiation 
Pattern Measurements
FIGURE 9:
Closeup View of Antennas with 
Crossbar on
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FIGURE 10: Closeup View of Pick Up Loop
FIGURE 11: Exploded View of Slug
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to make a good current d istribu tion  measurement. Since the 
folded dipole, used in the receiving antenna could not be 
cut to exactly a half wavelength at 400 megacycles, the 
o sc illa to r  frequency was adjusted until maximum pickup was 
realized on the folded dipole with .-the re f lectin g  element 
removed from the system. The maximum was measured by 
connecting a 300 ohm transmission lin e  between the feed points 
>f the folded dipole and a vacuum tube voltmeter. The maxi­
mum was obtained at a frequency of 413 megacycles, and this 
was the frequency used fo r  the entire investigation . The 
frequency was measured by a ea.vity frequency meter which 
gives frequency measurement in  the UHF range with very good 
accuracy (See Appendix B).
Power output from this o sc illa to r  could be adjusted by 
changing the antenna coupling to the p late c ircu it, but this 
proved to be a very unhandy method, so the power supply 
c ircu it was altered such that the plate voltage of the osc­
i l la t o r  tubes could be varied by means of a variac. This, 
gave a simple and rapid method of varying the power output.
A test run on this o s c illa to r  was made to check the 
frequency s ta b ility , and i t  was found that there was no 
measurable frequency sh ift  with time. I t  was also found that 
there was no measurable frequency sh ift as power output was 
varied from well above it s  normal value down to a point 
where the o sc illa to r  ceased to o s c illa te . I t  was found, 
however, that the power output of this o s c illa to r  continued 
to decrease with time fo r  the f i r s t  half-hour, a fte r  which i t  
remained nearly constant. I t  was, therefore, necessary to
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allow a long warm up period so that the transmitting system 
could be operated at constant output without frequent 
adjustment of the variac.
The corner type re fle c to r  on the transmitting antenna 
system was used in an e ffo r t  to produce a source of plane 
waves and to reduce the re flections from the w iring in the 
e ilin g  and the piping under the f lo o r . These re flections 
ad siich a serious e ffe c t on the radiation pattern 
ments that i t  was necessary to move the experimental equip­
ment from its  original location into the one which was 
f in a l ly  used fo r  obtaining the experimental data. I t  would, 
of course, be desirable to make this investigation  out of 
doors, but due to the complexity of the experimental equip­
ment and the uncertainty of the weather, this was not feas­
ib le . By probing of the e lec tr ic  f i e ld  with a small pick­
up antenna, i t  was possible to find  a region of nearly 
constant e lec tr ic  f ie ld  (See Appendix A) large enough that 
the desired variation in the receiving antenna array could 
be-made without getting the antenna array out of a constant 
Field region.
The meter located just beneath the corner re fle c to r  in 
Figures 5 and 7 was connected to the small crystal pickup 
antenna shown just to the right of the re fle c to r . This was 
used to establish a reference so that the power output of the 
transmitting system could be kept constant.
Figure 8 shows the experimental arrangement used to 
find the radiation patterns of the receiving antenna array, 
[he antenna element in the foreground is the folded dipole
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and the antenna element just behind i t  is the re flector, the 
re flector being mounted on the table in a manner such that 
the spacing between i t  and the folded dipole could be 
easily varied. The galvanometer used to measure the voltage 
pickup of the antenna array v/as placed inside the screened 
box shown on the lower platform, of the table, and was connect 
ed through a crystal to the output terminals of the folded 
dipole. The whole table could be rotated about a point 
d irectly  beneath the standpipe supporting the folded dipole. 
Thus i t  was possible to obtain a fu ll 360 degrees rotation 
of the antenna array about the center point of the folded 
dipole, A large circ le was drawn on the flo o r  using the 
pivot point as a center, and galvanometer readings were 
taken every 12.5 degrees as the array was rotated through a 
fu ll 360 degrees. This was done fo r  spacings .08X, ,15X>
.3A, and f i r s t  with the crossbar removed, and then with
i t  in place. The zero degree point used was when the folded 
dipole was facing broadside to the transmitting antenna with 
the re flector behind i t .
Since a crystal is a ncn-linear device, it.was nec­
essary to calibrate the crystal and galvanometer used in 
this apparatus. This was done by using a dipole of approx­
imately one half wavelength connected to an accurate vacuum 
tube voltmeter (Sec equipment l i s t  in Appendix 3). This 
system would be linear except fo r the small non-linearities 
introduced by the voltmeter, thus making i t  suitable as a 
relative calibrator. A sketch of this arrangement is shown
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in Figure la in Appendix A. The power output o f the osc­
illa to r was varied by means o f varying the plate voltage on 
the oscillator tubes, and readings of galvanometer current 
and VTVM voltage were recorded. The resulting calibration 
curve is shown in Figure 2a of Appendix A. This curve was 
so nearly linear it  was decided that i t  was not necessary to 
make any compensation in the galvanometer readings and these 
readings were plotted d irectly.
The experimental apparatus used for making the current 
distribution measurements is  shown in Figures 5 and 10, with 
a close-up view of the pickup slug shown in Figure 11. The 
antenna elements used were hollow cylindrical aluminum con­
ductors having an outside diameter of .625 inches and an in­
side diameter of .555 inches. The conductors were longitud­
ina lly  slotted vdth a small magnetic fie ld  pickup loop s i t ­
uated as shown in Figure 10. I t  is evident that the basic1 
requirement cf any method used to obtain the current d is tr i­
bution along an antenna is that the perturbation o f pre-ex­
isting fie ld  conditions be as small as possible. By making 
the slot as narrow as possible, and the loop as small as pos­
sib le, consistent with the required current sensitivity of 
the system, minimum perturbation could be obtained. Due to 
construction lim itations a slot width of 5/32 of an inch, and . 
a square loop of 5 millimeters on a side were the values used.
A simplified diagram of the pickup loop circuit is  shown 
in Figure 12a. I f  the projection /^a, Ab, and Ab* are 
small, and i f  A  b is equal in length to A b f , it  can be as­
sumed that the emf induced in the loop is  essentially due to
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the magnetic f ie ld  associated with the segnent of con­
ductive current I z , using the notation previously stated.
This assumes that the emfs induced in Ab and A b T, due 
to the e lec tr ic  f ie ld  component Ep w il l  cancel each other, 
which w ill be very nearly true i f  A b  and A b ? are close 
to each other. Thus re ferr in g  to Figure 13, we can write 
that
Vai = K
This induced emf causes current to flow around the loop and 
is  r e c t i f ie d  by the c iy s ta l. This r e c t if ie d  current charges 
the 25 micromicrofarad capacitor. The voltage across the ca­
pacitor was impressed across the terminals of a galvanometer 
having a sen s itiv ity  o f .006 microamperes per m illim eter, and 
an internal resistance of 1098 ohms. This meets the require­
ment that for the voltage across the capacitor to be consid­
ered constant for any given setting of the loop, that
/?, C 5
where Eg is the galvanometer resistanc e, C the capacitance of 
the capacitor, and f  the value o f the frequency being used.
As shown in  Figures 11 and 12, the crysta l, capacitor, and 
loop were mounted in a polystyrene slug such that the slug 
could be easily  moved along the inside o f the antenna with on­
ly  the loop protruding. The two conductors leading away from 
the slug were fed through a hole in  the center of the anten­
na, down to the bottom of the hollow m etallic standpipe, (F ig­
ure 6) where they were connected to a shielded twin lead tran- 
anission lin e . This transmission line was brought in  perpen­
dicular to the transmitting antenna until i t  was underneath
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the corner re flec tor screen, then brought over and connected 
to the galvanometer inside the screened box, as shown in Fig­
ure 5. This gave a completely shielded system, and was the 
solution to one o f the most troublesome d if f ic u lt ie s  encoun­
tered in  this investigation , i . e . ,  unwanted high frequency 
currents being induced in the transmission lin e , becoming 
re c t if ie d , and showing up in  the galvanometer readings, thus 
giving erroneous readings. To be sure that these unwanted 
transmission line currents had been eliminated, one o f the 
loops was opened a fter the eip eriraent al data was taken, and 
a check was made to see i f  any galvanometer deflection  could 
be detected. The deflection  was found to be less  than one 
m illimeter under these conditions as compared to maximum read­
ings o f around 5 cm when taking data. Persons moving around 
the antennas, even at a considerable distance, produced ser­
ious variations in galvanometer de flec tion , hence the galvan­
ometer was placed well o f f  to  the side of the corner re fle c to r  
where no f ie ld  could be detected, and the person reading the 
galvanometer remained as motionless as possible during the 
time readings were taken. The person moving the slug along 
the antenna moved back to a position  well out o f  the radia­
tion f i e ld ,  and galvanometer readings were not taken u n til the 
galvanometer deflection  had become constant. Test runs were 
again made fo r  re fle c to r  spacings of ,5A , .3^  , .15>* ,
and .08A , and readings taken as the pickup loop was moved
along the antenna. These readings were taken, f i r s t  with, the 
crossbar o f f ,  and then with i t  on, for each o f the above re-
flee ter spacings. Headings could not be taken closer than 1 
cm. to the end, or E cm. to the center o f the antennas, due 
to construction lim itations. I t  had been o r ig in a lly  planned 
to measure the current d istribution along both halves of the 
antenna elements, but this plan had to be abandoned due to 
the fa c t  that the bending o f the wires leading from the cur­
rent p ickup slug as it  passed .thr ough the center portion of 
the antenna caused them to break a fte r  the slug was moved a- 
cross the antenna a few times. This d if f ic u t ly  could proba­
bly be eliminated by a better design o f the slug and it s  con­
necting wires, but time did not allow i t  to  be done for th is 
investigation . I t  would be found, however, that i f  the en­
t ir e  array were in  a region o f constant e lec tr ic  f ie ld  that . 
the current d istribution  would be the same on both halves o f 
the antenna elements. Since the antenna was o r ig in a lly  plac­
ed in a region of nearly constant e lec tr ic  f ie ld ,  i t  should 
be valid to assume the d istribution  on both halves of these 
antenna elements would be very nearly the same. . *
As shown in  Figure 8, the antennas were mounted on hol­
low m etallic standpipes. Since it  was necessary to have a 
completely shielded transmission lin e  from the pickup slug 
to the galvanometer i t  was necessary to us e some such arrange­
ment as these standpipes. As the slug was mared in toward 
the center of the antenna element, the two wires connected 
to the slug also had to move. By use of the standpipes the 
wires connected to the slug could s lide down inside the standpipe 
and since the region inside the standpipe would constitute a 
f ie ld  free  region, any motion, or change o f position , of the
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wires inside the standpipe would not e f fe c t  the galvanometer 
readings. To be sure that changing positions o f  the wires 
would not a ffe c t  the galvanometer readings the slug was l e f t  
at a oonstant setting and the wires were mwed to several d i f ­
ferent positions .inside the antenna and standpipe, and a check 
was made to see i f  any change in  galvanometer reading could be 
noted. No change could be noted in  the galvanometer readings.
I t  is  d i f f ic u lt  to say hew much e ffe c t these standpipes 
had on the current distribution along the antenna elements. 
Since the near f ie ld  produced by the current flow  in the rece­
iving antenna elements would have an Er component, there was 
a component of e lec tric  f ie ld  p a ra lle l to these standpipes.
This means there would be a voltage induced in these standpipes 
which would be conducive to a current flow. However, since 
there was no abrupt change in the current distributions as the 
slug was moved in close to the standpipe, i t  would seem reason­
able to say that the e ffe c t  o f the standpipes was sub 11.
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FIGURE 12: Radiation Patterns fo r  S = .1 5  Wavelengths
—  *■----------—  Pattern With Crossbar O ff
— * ------- * —t Pattern V/Ith Crossbar On
O
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FIGURE 13: Radiation Patterns fo r  S « .0 8  Wavelengthsc . '
—  * —— ” • —- Pattern With Crossbar Off 
~ x —---- x — Pattern with Crossbar On
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FIGURE 14: Radiation Patterns fo r  S «  .3 Wavelengths
— ---------- • —  Pattern With Crossbar Off
-----* — Pattern With Crossbar On
O
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FIGURE 15: Radiation' Patterns fo r  S = .5  Wavelengths
— *-------— Pattern With Crossbar O ff
— * ------Pattern With Crossbar On
RESULTS
The radiation  patterns obtained in this investigation  are 
shorn in Figures-12, 15, 14, 15. To make the patterns so that 
their d irective  properties could be easily interpreted, the 
zero degree reading for a spacing o f ,15Xwas talen  as a base 
value of unity, and a l l  other valiB s normalized to th is base. 
The resulting radiation pattern fo r  a re flec to r spacing of .15X 
is  shown in  Figure 12, both wit h the crossbar o f f ,  and with i t  
on. I t  is  noted that a very nearly unidirectional, symmetrical 
pattern was obtained with the crossbar o f f .  This resu lt agrees 
with results that have been obtained by at lea s t one other in ­
vestigation , tl6 ) and a lso  agrees with; the discussion on d ir -
(16) Brown, G. H ., Op . C jt ...
e c t iv ity  of pa ras itic  arrays given in the American Radio Relay 
League Antenna Book.
(17) American Radio Relay League Antenna Book, Rumford Press, 
1949 Edition, pp. 156-160.
The fact that the radiation pattern with the crossbar o ff 
is  very nearly symmetrical is  an excellen t indication that the 
antenna system was in a constant e lec tr ic  f ie ld ,  since i f  tiiis 
were not true, a symmetrical pattern would not. resu lt.
The pattern obtained at this spacing with the crossbar on 
shows that the antenna Beam Angle* is  s ligh tly  reduced and a l­
* Beam angle is  defined as the angle between the points on 
each side of the point of -maximum f ie ld  in tensity , where the 
f ie ld  in tensity  drops to .707. o f it s  maximum value.
so there is a larger lobe in the rearward d irection , ind icat­
ing that the d irectional props? ties  are s ligh tly  in ferio r to 
the ideal case o f ,15A separation. The pattern obtained with 
the crossbar on is  also skewed to one side, givirg a non-sym- 
metrical pattern.' This phenomenon also prevails in the radia­
tion pattern obtained far a re flector spacing of .3/* with the 
crossbar on, and this skewing e f fe c t  w i l l  be considered in the 
discussion of that pattern.
Figure-13 shews the radiation patterns fo r  a reflector 
spacing of .08A . Also sh.own on this diagram is  the fron ta l 
lobe of the id ea l pattern so that a comparison can be eas ily  
made. I t  is  read ily  seen t in t  the beam width is narrower than 
at the .15 X spacing, both when the crossbar was o f f ,  and when 
i t  was on. However the rear lobes are considerably greater, 
which would mean that while the d ire c t iv ity  in  the horizontal 
plane has been increased, the array is  not re jecting signals 
from the rearward d irection  as w ell as i t  was at a spacing o f 
.15A .
I t  should also be pointed out that this radiation pat­
tern shows only the reception characteristics of this antenna 
array in a horizontal plane, and vh ile  i t  appears that the 
d ire c t iv ity  is better when a re fle c to r  spacing of *08X is  
used, th is may not actually be the case, since a three dimen­
sional plot would be requir ed befa? e it  could be ascertained 
whether or not the dir e c t iv ity  had been increased. I t  might 
be found that the dir e c t iv ity  may have been decreased in  other 
planes, thus making the overa ll reception etaracteristies  at 
a re flec to r spacing o f .08X-—in ferio r to the reception cha rac-
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te r is t ic s  at a re fle c to r  spacing of .15>v .
I t  is  in teresting to note that fo r  this spacing (.08)0 
the antenna d ir e c t iv ity  was greater when the crossbar was on 
than when i t  was o f f ,  W hile at reflector, spacings of .15^ \ 
and greater, the opposite e ffe c t  was obtained. As a check 
of this phenomenon to be sure that i t  was characteristic of 
these closer spacings, and not due to some malfunction o f the 
experimental apparatus, a reading was taken at zero degrees 
rotation and a re fle c to r  spacing of .1^ , and i t  was found 
that at this spacing the d ir e c t iv ity  was also s lig h t ly  great­
er with the crossbar on.
Prom Figure 14 i t  can be seen that fo r  a re fle c to r  spac­
ing of .3A with the crossbar o f f ,  the array.is  beginning to 
to lose its  d irective properties, since the rear lobes are 
becoming very large, and the beam angle of the. forward lobe 
is becoming larger. However, when the crossbar was on, the 
beam angle of the forward lobe is considerably smaller, and 
i t  would appear that i f  fo r  some reason this spacing had to 
be used, a m etallic crossbar would improve the signal recep­
tion characteristics of the antenna array.
As shown in Figure 15, the array has lo s t nearly a ll of 
Its  d ir e c t iv ity  at a re fle c to r  spacing of .5^ when the cross­
bar was o f f .  Y/hen the crossbar was on at this spacing, the ar­
ray again had p rac tica lly  no d irectional characteristics, and 
the amount of signal the array w ill  receive in its  forward 
direction  is  very small compared to the reception obtained in 
the forward direction at other re fle c to r  spacings. Thus the
antenna array wouM not operate sa tis fa c to r ily  at a re flec tor 
spacing o f either with or without a m etallic crossbar.
As has been previously moitioned, the radiation patterns 
fo r re flector spacing's o f ,15\and .3>wshowed a skewing e ffec t 
when the crossbar, was on the array. Further investigation 
found this to.be due to s ligh tly  d ifferen t points of contact 
of the crossbar on the re fle c to r . I t  was found that when the 
crossbar was placed w ell o f f  center on the folded dipole there 
was l i t t l e  change in  galvanometer readings. However, when the 
crossbar was placed o f f  center on the re fle  ctor there was a 
noticeable change in  galvanometer readings. The fact that put­
ting the crossbar o f f  center did not appear to a ffec t the fo ld ­
ed dipole might be that due to the large difference in  the 
diameters o f  the two para lle l sections this folded dipole had 
an input impedance of about 1100 ohms, and any change in impe­
dance due to the crossbar being placed o f f  center was neglig ib le  
in comparison. Using the same reasoning the re flec tor would 
have an input impedance o f about 75 ohms, and apparently the 
change in  impedance introduced by placing the crossbar o f f  cen­
ter was not n eg lig ib le .
I t  would have been interesting .to investigate the pro­
perties of this antenna system a t spacings closer than .08^ j 
since according to Brown’ s theoretical investigation , at
(18) Brown, G-. H ., Op. C it.
very snail spacings o f the reflector the radiation pattern ap­
proaches that o f a single dipole antenna. As can be seen from 
the radiation patterns this array shows no tendency to reduce
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to a pattern of a single dipole radiator, but most surely 
would have done so could measurements been taken at closer 
spacings, but i t  was not possible to do so because of the 
construction of the apparatus being used;
The plots of the experimental measurements of current 
distribution are shown in Figures 16 through 23, fo r  r e f­
lec to r spacings of ♦15A > •OSX , .3^ » and . -5X respectively.
Since a crystal was also used in this measuring system 
i t  was again necessary to run a calibration  curve. This 
curve was obtained in exactly the same manner as was pre­
viously explained, and is  shown in Figure 3a of Appendix A, 
along with an explanation of how i t  was used in obtaining 
the current d istribution  p lots.
The abscissa of these plots is  the distance in cen ti­
meters from the center of the antenna elements, and the ord­
inate is  the value of voltage obtained from the calibration 
curve. The dashed vertica l lin e near the 19 cm. point on the 
abscissa, indicates the end of the respective qntenna elements.
Figures 16, 18, 20, and 22, show the measured current d is­
tribution on the folded dipole, both with the crossbar o f f ,  and 
with i t  on. From these plots i t  can be seen that having the 
crossbar on had the e ffe c t  of increasing the magnitude of the 
current d istribution along the folded dipole fo r  re fle c to r  
spacings of .3Xand ,5X • This would seem rather strange 
in view of the fa c t that the radiation patterns fo r  these two 
larger spacings show that placing the crossbar on had the e f ­


















FIGUns 16: Current Distribution 
on Folded Dipole
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FIGURE 17: Current Distribution 
on Reflector
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FIGURE 22: Current Distribution 
on Folded Dipole.
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x—with crossbar on
' V
2 3 s7 9 n 13 n
Distance from Center of Antenna Element (cm.)
be remembered, however., that nothing is known about the re la ­
tive  phase of the current on the folded dipole and the r e f le c ­
tor, and unless that is  knowi i t  cannot be predicted whether 
the fie ld s  w i l l  aid or oppose each other at a ' giv en point in 
space. I t  would seem to be evident that since the size of the 
radiation patterns was reduced that placing the crossbar on 
must have sh ifted the re la tiv e  phases of the currents.
Since the radiation patterns show that the antenna gain 
is successively reduced as the re fle c to r  spacing is increased 
i t  might be expected that the magnitud e of the current d is t r i ­
bution on the folded dipde would also be reduced. This hy­
pothesis seems to be borne out by the experimental measure­
ments, since vhile there were no rad ica l changes in  current 
d istribution as re flec tor spacing is  increased, there is a 
s ligh t decrease in magnitude each time the spacing was increased.
Since there seems to be no published material on current 
d istribution along parasitic receiv ing antennas, and since any 
mathematical solution (o f  which none that are applicable here 
are available) would be extremely d if f ic u lt  to obtain, i t  is 
d i f f ic u lt  to make much o f a discussion verify ing these curves. 
However, a few scattered remarks appearing in the lite ra tu re  
that might at least p a rtia lly  v e r ify  the general shape of the 
curves w i l l  be discussed. As was mentioned in the introductory 
discussion on parasitic  antennas, Schelkunoff and F r iis
(19) Schelkunoff, S, A ., and F r iis ,  H. T ., Op. C it. . p. 216.
state that the current distribution on a receiving antenna may 
not be anything like-' the sinusbidal^di stributi on that would be
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expected, i f  th is same element were used as a transmitting an­
tenna. However, Jordan points out that i f  the receiving
(20) Jordan, S. C., Op, C it. . pp. 546-549.
antenna is a perfect half wavelength that the current d is t r i­
bution w ill s t i l l  be,to a good approximation, sinusoidal. The 
folded dipole used in this investigation  was a half wavelength 
long, and while the distributions obtained in  this investiga­
tion fo r  re flector spaciigs o f ,08\ , .15X , and .3X are
not anything near the perfect- sinusoid, they do have the same 
general shape. The fa c t that they are not more nearly sinu­
soidal distributions could be attributed to the mutual coupl­
ing between the folded dipole and the re fle c to r .
For a re flec to r spacing o f .08X i t  is noted that the cur­
rent does not appear to go to zero at the aid o f the folded 
dipole, and at the other spacings tends to drop o ff rapidly near 
the ends o f the antenna element. Since the length to diameter 
ra tio  of "these antenna elements was only 23.7, these antenna 
elements would constitute a thick antenna, and previous discus­
sion has shown that fo r  thick antennas the fringing of the e l ­
ectr ic  f ie ld  around the ends of the antenna'will give an incr­
eased capacity e ffec t at the ends. This would tend to keep the 
current from going to zero at the aids.
I t  is noted that for current d istribu tion  for a re flec to r 
spacing of .3X with the crossbar o f f ,  and also at a re fle c to r  
spacing of ,5X , both with the crossbar on and wj.th i t  o f f ,
there is a sudden dip in the curve at the 9 cm. point. The 
v/riter can o ffe r  no explanation regarding this phenomenon
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. The plots of the current distributions along the re fle c -  
tor fo r  spacings of .08\  , .15X , ,3X , and ,5X are shorn
in Figures 17, 19, 21, and 23. As can be seen from Figures 
17 and 19, placing the crossbar on had no measurable e ffec t on 
the current distributions along the re flec to r elements at spa- 
cings o f ♦ 08V • and .15 X • At spacings of .3^ and .5^ (F ig ­
ures 21 and 23) there was a small but measurable e ffe c t  when 
the crossbar was on the array.
I t  is  noted that the magiitude of the current distributions 
decreased on the re flec tor as i t s  spacing is increased. This 
is as would be expected since, as has been previously pointed 
out, the r e f le c to r 'is  dependent upon the electromagnetic cou­
pling with the folded dipole for i t s  excita tion , and this e l ­
ectromagnetic coupling w ill  be reduced as the spacing between 
the folded dipole and the re flector is increased. . -
A ll of the p lots of current d istribu tion  on the r e f le c t ­
ing element fo r  the various spa ciig s show a peculiarity in 
that the curves tend to decrease rapidly as distance from the 
center increased, and then begins to fla tten  out at the ends 
of the re flec to r element. Schelkunoff and F r iis  (^ l)
(21) Schelkunoff, S. A ., and F r iis , H. Tv, Op. C jt . . p. 242.
pqinted out that a reflecting element is nothing more than a 
f in it e  length conductor placed in  an electromagnetic f ie ld  .
I f  the conductor were in f in ite ly  long and the e lec tr ic  f i e ld  
were para lle l with the conductor and uniform, the current d is­
tribution along the conductor would be constant. However, when
tile condm tor is of f in it e  length the current must vanish at 
the'ends, thus must act as a v ir tu a l source o f waves on the 
wire. The e le c tr ic  charge associated with the uniform cur­
rent would tend, to concentrate at the sad, and the increased 
repelling force would tend to reduce the flo?<? o f charge, hence 
reduce the amount of current flow. This would mean that the 
current d istribution  would approach zero asymptotically a t 
the ends of the re flector element.. This- would seem to be a 
plausible explanation of the dip in the current d istribution 
curves for the re flecting element in this investigation . The 
occurrence of this phenomenon has also been v e r if ie d  by. 
Mullersman (22) in his investigation of another problem related
(22) Mullersman, F. H., Design of a Galvanometer To Be Placed 
Within a Tubular Antenna For The Purpose of Measuring 
Antenna Current D istribution, Thesis, Missouri School of 
Mines and Metallurgy, Rolla, Mo.
to current d istribution on antenna elements. In his invest­
igation the current d istribution along a re flec tin g  element 
was measured using an improved method of instrumentation which 
he developed, and a sim ilar asymptotic approach of current 
d istribution at the ends of the re fle c to r  was obtained.
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CONCLUSIONS
The e ffe c t  of using m etallic crossbars on Yagi 
receiving antennas has been experimentally investigated.
The conclusion has. been reached that the use of m etallic 
crossbars does not allow the Yagi receiving antenna to 
give its  optimum performance, since at a spacing of .15^v 
(the spacing usually used) the signal pickup from its  fo r ­
ward d irection  was not as good, and the rear lobes were 
la rger. I f  maximum d ire c t iv ity  is desired, at the expense
of a rear lobe of increased s ize , a spacing of .08A should
cv-ossb&v-s
be used, and.at this spacing the use of a m eta lliesw ill 
s lig h tly  improve the d irectional characteristics of the 
antenna array. While some e ffe c t  on the current d istribu t­
ion along the folded dipole could be noted fo r  these'.spacings, 
that e ffe c t  was not great. For these spacings no e ffe c t  on 
the current d istribution along the re fle c tin g  element could 
be found.
Since s im plic ity  of construction and it's associated 
economical considerations are factors that always must be 
considered i f  the product has to meet a competitive market, 
a balance between these factors and optimum performance must 
be found, and from that standpoint the use of m etallic cross-
V. - " " - •'/ V. ' . '■ .
bars would probably be ju s tified .
At spacings greater than .15^ the crossbar has a 
serious e ffe c t  on the performance of the array, but in the 
usual case the array would not be used at these spacings, 
even i f  an insulated crossbar were used, since the antenna
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In retrospect, tills thesis has presented a method of 
attack and the results obtained of an experimental invest­
igation of the e ffect of metallic crossbars on Yagi receiving 
antennas* A discussion of the operation of parasitic antenna 
arrays was presented to give a reader not fam iliar with their 
operation some background, and also to present some of the 
operating characteristics that should also be found in this 
investigation*
No literature d irectly related to this investigation 
was available, but scattered bits of information from the 
results of other investigators in problems remotely related 
to the problem at hand were usable in setting up experiment­
al apparatus and in evaluating the results, and these have 
been discussed.'
The experimental apparatus and its  operation, and also 
an evaluation of the results has been made in the discussion. 
The radiation patterns and the plots of current distribution 
have been presented In a manner such that they can be easily 
interpreted. An evaluation of these patterns and curves has 
led to certain conclusions which have been presented.
Since this investigation enters into a phase of antenna 
engineering that has not been widely investigated, there is 
a wealth of material fo r interesting future investigations. 
Some of these problems have been discussed.
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SUGGESTIONS FOR FUTURE INVESTIGATIONS
Since the results of this investigation could not be 
ve r ified  by mathematical analysis, and could not be v e r if­
ied by comparison of results of other investigations of a 
related nature, the results obtained in this thesis should 
be ve r ified  by another investigation. I f  this is  to be 
undertaken, i t  is  suggested that the person making the 
investigation consider the p o ss ib ility  of using a current
distribution measuring system sim ilar to that developed 
23by Mullersman. I f  adequate sen s itiv ity  could be obtained
(23) Mullersman, F. H ., Op. C it.
this method would eliminate many of the d if f ic u lt ie s  found 
in this investigation . Since no external wiring would be 
necessary in the current measuring system, the stray pick 
up and stray capacity e ffects  encountered by the necessity 
of using a transmission lin e  of variable length would not 
be encountered. Since the galvanometer used in this invest­
igation had a sen s itiv ity  of .006 microamperes per m i l l i ­
meter, i t  would require a meter sen s it iv ity  considerably 
greater than Mullersman was able to obtain. However, there 
seems to be no inherent d if f ic u lt ie s  in the galvanometer 
construction that could not eventually be eliminated.
As can be seen from the data sheets, three runs of 
current d istribution measurement were made fo r  each r e f - • 
lec to r spacing. The galvanometer readings were consistent 
v/ithin plus or minus one m illim eter of deflection . For
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measurements fa r  from the ends of the antenna elements, 
where quite a large galvanometer deflection  was obtained 
this gave good accuracy to the readings. However, near 
the ends of the antenna elements the galvanometer d e flec t­
ions were small, and a plus or minus one m illim eter in 
reading introduced the p o ss ib ility  of a large error. This 
would indicate that a galvanometer having a greater sensit­
iv i t y  should be used to more accurately investigate how the 
current d istribution  behaves near the ends of the antenna 
elements.
This investigation  was made without any cap on the 
ends of the antenna elements. I t  would be in teresting to 
investigate the behavior of the current d istribution  near 
the ends of the antenna elements fo r  d iffe ren t kinds of
V
end caps.
I t  would also be interesting to investigate the e ffe c t  
of using the crossbar fo r  d iffe ren t values of load impedance 
on the folded dipole, with the p o ss ib ility  in mind tha t.fo r 
d iffe ren t loads the crossbar might have a d iffe ren t and more 
pronounced e ffe c t  on the operating characteristics of the 
array. I t  might also be found that a desired radiation 
pattern or a desired current d istribution could be obtained 
by use of the proper load impedance.
58
APPENDIX A
This section contains a plan view, of the apparatus fo r  
calibrating the crystal and galvanometer used in obtaining 
data, fo r  the radiation patterns, the ca libration  curves fo r  
tne above crystal and galvanometer, the calibration  curves 
fo r  the pickup system used fo r  current d istribution  measure-- 
rnents, and a l l  experimental data..
For page numbers o f any specific  item consult the l i s t  
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FIGURE 1-1 s
Measurements of E lectric  F ie ld  In tensity .in  
Region Where Antenna, was Flaced.
Values Listed are Microammeter Readings at 
Indicated Points.
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FIGURE la :  Plan View of Apparatus Used To
Calibrate Crystal and Galvanometer
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J.A3LE 1: Data fo r Calibration Curve fo r  
Crystal and Galvanometer tTsed 
in Radiation' Pattern Measurements.
Run Ho. 1 Run Ho. 2
Voltage I Gal v. Def.-i - __  __ •. Galv. Def.
. 02.5 /r<2
./ 4-jS- 4.4- ■
-
J4 j(J. $ r >r T
7 ft
■/a ' <5.5" a > r
- JO so- r  ?.?
. zz //
.J4 / 4 , r /Z.S~
.
.zar /<£ / &>
.JO , / 7 7 7
.34 J O A- t''
£/ *0* / w
.33 z s *;3
. 4- #£*. s~
. <4Zlst J ? £ 7




TABLE 2: Data fo r  Calibration of Crystal and Galvanometer 
Used In Current Distribution Measurements
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Crystal in Folded Dipole 
Galv. Run Ho. IRun Ho. 2
Def • Volt. Volt.
3 .OSS' .OSS'
j r A07 .MS'
/O •VS ./4-
/S • /  b • /C
Zo ,79 . / a s~
2S~ ,2/ . Z (S
3 0 ■ 25 .25
3S ■ z+S' ,ZS
40 • Zb .26
4S .Z7S~ ,28
SO ,z s s ■ zes '
S£~ .3 ,zss~
Co .3/S .SIS'
is . 3 OS ,Z2S
70 . 34- ■ 34-
/S ' ... S sS . SS~ .
S o .3 6 .36
8sr - 3 7 •3 7 ,
90 . Sf .38
s /r . 3B . 3<B
/oo • 33 ■ 3 a
//o .z a s • 3&<r
/zo .3 3 . 3 a r
/so ■ 39S
/fO . 4-
/ s o • 4- .4-
Crystal In Reflector 
Galv. Run No. 1 Run No. 2
Def. V o lt . V o lt .
3 ” ,03 .OS
3* • 07 . Oh




£ S .3ZS .3 3
3 0 ■ 3S~ ■ 3 S
3 S ■ 37 .31
40 ■33.. • 31
4 S • 4 / • 41
So .4ZS .42
ss .43 • 43
Co .4 S ,4S
C5 .46 , 4(9
70 ■ 47S . ■f- 7£
7 S . 43 43
80 • 43S • 48S
a s . i-ss- . 48
so • 49 ■ las'
~9S . 42S' ■‘fas'
/oo • 493~ .‘& S '
//o _ ■ 49S' .S'
/zo I .5" .S'
/so • S'' .S'
/to • £ . s~







■USE OF CALIBRATION CURVE III PLOTTING CURRENT DISTRIBUTION CURVES
As has been previously stated, since a crystal is a 
non-linear c ircu it element, i t  was necessary to calibrate 
the crystal and galvanometer used in the current d istr ibu t­
ion measurements. The method used to Calibrate this crysta 
and galvanometer was the same as used in calibrating the 
crystal and galvanometer used in the radiation pattern 
measurements.. The data obtained is lis ted  in Table 2, and 
the resulting calibration curves are shown in Figure 3a.
Due to some unfortunate circumstances the galvanometer 
used in making the current distribution measurements was 
not available fo r  obtaining the calibration  curves. I t  
was necessary to use another galvanometer to run the ca lib ­
ration curves, which' required that the assumption be made 
that both the galvanometer used in obtaining the data and 
the galvanometer used In the calibration were both "linear.
Since both galvanometers did not have the same sensit­
iv i t y  a multipying factor was necessary to account fo r  the 
difference in meter deflections fo r  the same value of current 
input. This multiplying factor was obtained by noting that 
at the 5 cm. setting of the slug in the folded dipole the 
galvanometer used In obtaining the data gave a deflection  of 
1.8 units, whereas the galvanometer being used fo r  ca lib ­
ration gave a deflection  of 56 units. Thus the multiplying 
factor was 31.1.
Using this multiplying factor the fo llow ing procedure 
was used to obtain the current d istribution curves. The
6 6
value of galvanometer deflection  obtained when taking data 
fo r  a given setting of the slug was multiplied by 31.1.
This value of meter deflection  was then referred to the 
calibration curve and the equivalent voltage read by the 
VTVM was obtained. The values of voltage obtained in this 
manner were plotted against distance from the center of the 
antenna elements and the current d istribution curves were 
obtained.
TAHLE 3: Data fo r  Radiation Patterns* S «.08 >■
norm. norm.
Degrees bar o ff bar on to 47 to 47
o . ' jT/O 5'# /// /. 233S
y/Z5- 4;? sg 754 ///
■ £ 45 Sf ,  5/<r ' ’7^3
33- JIt"* S3 , 7<5“~/ .j ,, , . 703
x2? Zb ‘ if/*?
xr ", -***- ■«<*»> ■ 2/ . S'/
ZP'.S' /S .446 ■ 3/3
7a f? s • 3%/ ■ ./ci»
70-0 7 v. ■ .743 • ■G&S*
/<?/2S /# / ■2/3
//'/-■ 3 73 ' // .237 * As&Q
/23.73T /S' /to ■ 3/3 ■ 34/
/SS. ' /6 AT .54/ .5/3
/ *jS /3 W 213
737'S & 3 • /27S A'sxf
7&&./ s* 4 , ■ oB*r
/BO Z 5“ * 0*3 J. i > /£&
7 9/.3S s 9 ■ /Qh 37
zo z.r a .3 ■ /? ■ 79/
2/3 . 3 <9 > /S2 , / 7
2257 /£ 7 .30 ■ O f -
j <5 ■*/£ // S' • 234 ,  /<2fc>
* ■; * *7 x—*•{ x .  cr / * w B 4- ,132 , o/S
| S- 7S 7 7-  . v* ■ /S' < gC?$'
| ^  /£/ 5* / . fOt> , Of7
: za/.JtS' / 329 . 037
Z9</-S /5 5 .2/2 . 064
30S. /s 7 .335 ■ /4S
StS\C 27 >5/ ■57T ■ 34/0
30 *>2S /5,Z 7? ■> 3>B2 ,4/4
5 V'7 *-Q 40 • 3r7 . f5/
aTO 4/ /.3>2 lo t s
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TABLE 4 : D ata  f o r  R a d ia t io n  P a t t e r n s .  S= .15 > .
\ 1 nonn. norm.
Decrees bar o ff bar to 47______ to 47
0 ?7 4-S- /O . - 9&
7 7 .2 ■36 4/ .33 6 4
ZZ.S • 4-2 Z4 .3 • 47
37 /Z 78 •-S4
4-S.o 37 a .66 • I?
S~6.ZS ZZ .47 ./Z8
07.7T 74 £ .3 7Z3
78 6 7 ■ /zs ,/s~
. 9 7 . 073 . /s
/o/.z / ~d .077 . /9Z
//z.*r /? 9 ‘ 042 . /$2
/23. 75" 73 9 . 043 ./92
73/7 0 3 3 ■ 064 :/92
74&.2 3 & / 0£>#~ . /7
/S'7. S 3 7 .OSS’ ./s
/&&.?< 3 7 . 035- fS
/BO 3 £ . 03s- . /23
/9/.2S ' 3 £ ,OBs- ./2 a
,s~ 3 . 6 .0 ?s~ ./2G\
z/sz 3 4 - ♦ G&4" .OSS-
Z Z S ...jr  . , ~G .06/4 J28
Z36ZS z 4. . 042 ,/29
247. S / 7 . 02! ./S
2S7.75 z 7 .043 ./S
ZIO 2 £ .042 ./J28
23/ 7 72 \ ,/S' , 26
Z92.S~ 74 /s 3 ‘434
?73.75- 24 28 ■ S'/ .S7S
£/<■ o 3/ 34 .66 . 7ZS
32&.2S" 33 40 ■ 8/ .8/
3 37<T 4-5 42., .9/S' . 89S
S?3.75^ 44 4S .98 .36
TABLE 5 : D a ta  f o r  R a d ia t io n  P a t t e r n s .  S ~ -3 >.





3 3 7 3 5 . 744T" /
//.Z7 3 8 3 3 &/ .3/
ZZ.S~ 4 0 3<o .3 3 7 * v<*
32 ' 3/ ,6 3 V &>(?
45 30 2 4 . 64- . S/
S&Z 2 9 /9 4 ,403
<67S~ 28 /3 ,5 3 S
73.7 22 3 ,3 ■ /$/
- SO /5~ 4-7  ■ ,Z Z p OQ]£~~
70/2 7 3 a . Z 7 l .77
/fZ.ir" 2 3 73" ‘ . 49 .32
/ 22.7 2 7 73 .374 - ,3  as
/y s : o 3o /9 .6/ .403
/46.2S 2 * /7 ,5T/ ■32
7 S 7 .7 16 3 .3 4 ./7
/sa.7s~ /A <7 /•2S/7 ' //&?
/Bo 4 4 'P ie s ' . OSS'
7 St. // // ,234 - .2  34-
ZQZ. 22 2 f .4 ^ 8 .44(6
ZtS .77 2 7 2 4 . 3  74- .33/
&&>£) f Ct 30 3 3 ,6 4 ,4 3
2 36 .27 2 6 2 0 ,7 3 4 - . 4 Z 7
2 * 7 ,5 ' /9 /4 , 403 ,3 /
25% IS ' 70 4 ,2// , oa s"
270 /<■ 3 , 3/ / OCr*/'
2 4 7 , 2 7 /& 3 . 3 3 2 , 064
2&Z.5T 23 4 .49 ‘ 01 s '
Jos. 2 9 6 . s & s r 7 2 8
J/6'.O 3 2 /3 .6 8 * *£> ./&
2 u, 37 79 • 7 8 .403
7 ar 7 *r~. 40 2 3 . B s f .336
34% 75' 3 a  . J L  1 .8 / 7447
TABLE 6 : D a ta  f o r  R a d ia t io n  P a t t e r n s .  S = «5 A
nona-. norm
D grees bar o ff bar on to 47______ to 47
o 2 7 /C/ V ^  ' ^
//zs Z7 / & » 0" 7 7 .
27 73 - . 5' yV 7 , .. . - 2/3
~3Q? / ' -C* *T ^/ w* *w ,>~-' -7/3
2 <~ ‘ ■3 ■' #. < y 7 . 732
37,45" 7' *r ? ~z' .. , /SB
6 ZS~ 5^’*' < 7*77 .//j
73. tT 333 4- ,4-7 / 73-7-
S o /a 3 ] ■ , 387 / t/ 7
/Of. 2  S’ /B • 45 4 / 723
//*■£ 2 2 V , S3 * -3 r>;v
7 2 2 - is : 37 32 * S /<h / £?
7 S3, 0 2 B 73 . 5-/V
f iO# &4~ a Ay J / ^  / , /7
/* y> v-r - - , -J * /s~ >5~ 2 /8. 1 ~.... i / / i&
/«7 ■ 7T 7 ./7~ 1 • O *?. ^ '
v&q 5~ . f-.. . , /${& , <r?>7"
79/ .7S 7 , 73 / / 7 f i t ‘4?
n — ^<■/£> 1 S 73 —7/ . -2 33 , //9•
4 - "1 »***. *<, fs » o 1c> 72 , ^ JT3' , 2S ^
3 0 74 . t>7- . -3
^ 77^ >Ka ^ 2 ,7 7* ’/ 0 / ' <<* o‘ /
*?4 / *r +*s’Tr * 32 9 - . /32
~' S' : /& v5" , -754- . //‘A.
7: 7 0 /S 4 / 7 ^UxO'S "
*s,y , >' 4.^ sJ3 '^r , *4* / , 4}
J££f 7  - , 7 3 | . // 7
w-' zs~ .2* a7/ „ _ n .73"
^ / 4! ' /;• ^ /w ’ ^ 2/> 79 - - 5f -*i ^  _j 4 / /
2: > ' ^ 27 77 , < 7 7 - , 2 (3
3 & S - 2 7 / SJ
'^r '7 /t W '* * ,2S4>




Run 1 Run 2 Run3
z / 7 / 7 / 7
3 / * ' /5*
S '
7 / 2 / 5 /3
9 // //
// .9 .8 .s
/3 ,7 7 -
VS >S •&
n .3 .3 • +
/7.7 >2 ,z
Data fo r  Crossbar Off 





Run 1 Run 2 Run 3
Z A 8 / 7 V.7
3 / £ A t A 6
S AS AS AS
7 V! A,2 A/
9 £ .a . 8
// £ .6 .7
VS r . s .S ' S '
vs •S'
V7 . .3 .2 .3
V 7T .2 2
Data fo r Crossbar On 
x is distance from center of antema
TABLE 7 : Data f o r  C u r re n t  D is t r ib u t io n  on F o ld e d  D ip o le .  S ~ .1 5 \
X
Galvanometer Deflection
Run 1 Run 2 Run 3
2 3.8 5 © 3.9
3 3 5 z .s 3.5
j r 2.3 23 2.4
7 A. 7 / a A 8
9 A.4 A4 1.4
// .9 .8 .9
/3 6 6
as •3 . .3 .3
n 2 ,2
/a 7 / ./ ./
Data fo r Crossbar Off 
X is distance from center of antenna
X
Galvanometer Deflection
Run 1 Run 2 Run 3
2 3 .8 3 .8 3 8
3 3 U 3.3“ 3.4
s 2.2 £.3 >3. a






A8.7 ./ ,/ ./
Data fo r Crossbar On 
X is distance from center of antenna






Run 1 Run 2 Run 3 Run 1 Run 2 Run 3
Z 4.6 4.6 4 .£ 2 4 3 4 3 4.2
3 & 4S  . 4 .6 3 4 .3 4.3 4 3
J* 3.6 3.4 3 .3 “ 3 3 3 3 3 3.2
7 2,6 7 x.2 2.2 22
s 7.9 7, a / 5 1 9 /5 7  2 72
7/ /Jo 77s 7 6 // ,9 .9 .9
/3 7.7 / / // l /3T .4 S ’
7s 7 .7 .7 /3 .4 .4 .3
n 4 .4 ,S 7 7 5 ,5 .2
/7.7 .3 .3 . 3 7 7 7 7 V5 .2
Data fo r Crossbar Off Data fo r Crossbar On
*
'
X Is the distance from center of antera la X is distance from center of ahtenna





Run ,1 Run 2 Run 3 Run 1 Run 2 Run 3
Z 4 3 4 s + .s 2 4 .S 4.5 4 4
5 ■ is 4 .3 4 .1 3 4.5* 4 s 4 .4  ‘ '
S 4 , s 4 . 5 4 . 5 5 4 .5 4 .5 4 4
7 +.3 4 3 4 3 7 +.3 4.3 4 .2
3 3 7 5.6 5.6 9 5.6 3.6 7.6
7/ 2.0 7.9 Z . l // ' 7.9 2.0
/s ^ 9 .3 7.o /3 3 .3 .3
7s .3 J sl— .3 XT .3 .4 .3
n .2 ,z •3 7. .z > , 2 ' £
/ a i ./ J 78.7 . / r */ o
Data fo r Crossbar Off Data fo r Crossbar <Dn
X .Is distance from center of antenna X is distance from center of antenna
TABLE 10: Data f o r  C u rre n t  D is t r ib u t io n  on R e f le c t o r . S= .00 \
75
X
Galvanom eter D e f le c t io n
R u n ! Run 2 Run 3 
A S ^ £ / S A S
r A S A6 AS  ' '
- *~ 
V A * A+
7 A 2 A Z / /
A O AO
// 7  7 ■ 6
,s .S
7-5- : _ '3 .5 .’7  '—
1
*1■ ■ gs ■ .*?
/ Z  7  J . / . / a
Data f o r  C ro s sb a r  O ff  
X i s  d is tan ce  from c en te r  o f antenna
X V
galvanom eter D e f le c t io n
Run 1 Run 2 Run 3
a, a / c r
<5 A S /• ^ /•£
• ^  ' / . f / f / j  7 ™
V ' 7 r / J  ;
J.-s/Sl / /  ' 7 / /,7?
7/ 7 a  - .7 .7
/3 f & , *b • 6
A5* 7 .5  . ■
/7- *
AZ7 ; / . i . t :
Data f o r  C ro s sb a r  On 
X i s  d is ta n c e  from  c e n te r  o f antenna7
TABLE 11: Data f o r  C u rre n t  D is t r ib u t io n  on F o ld e d  D ip o le .  S ^ .3 \
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X
Galvanom eter D e f le c t io n
Run 1 Run 2 Run 3
2 3.6 3.6 3 6
2 3.0 3./ 3.0
S 2 A 2.S 2 A
7 7.6 A 6 A 6
3 AO 7.7 Ao
7/ . 0 A 7 s
73 ,3 >4 • 3
7S 2 <* .2
n J 7k A
781 0 o
r T_f_„ „ . n , . rnT-|
0
Data fo r Crossbar Off 
X is distance from center of antenna
X
Galvanometer Deflection
Run 1 Run 2 Run 3
z 2.6 2.6 2 .S
3 2.6 Z. 6 Z . s
S 2,1 2.A 2.0
7 A. S ' A S A S
9 73 • 3 - 7a
// 76 .6 .s
/3 .3 ■ 2 ■ 3
7S .2 .2 . 7
77 . / A O
78.7 O o o
Data fo r Crossbar On 
X is distance from center of antenna
TABLE 1 2 : Data f o r  C u rre n t  D is t r ib u t io n  on R e f le c t o r .
77
X Galvanometer Deflection X Galvanometer Deflection
Hun 1 Run 2 Run 3 Run 1 Run 2 Run 3
2 A3 7.3 A 3 2 A 4 / S A 4
3 A 3 A. 4 - A3 3 A4 A4 A S
S A 3 A 3 A 3 S A 4 A* AS
7 A 2 1 2 A/ P  7 A 3 A3 A 3  ■
9 .9 9 •9 9 A.2 A 2 A/
// .7 7 6 H . 8 .8 . e
73 . S' ■ S ' - ■■ ■ ■ S t t s , 6' : • 6 . 7
A S 7+  -. . 3 V A S . S ■ s
-  >1 3 .3 .3 7 7 .4 4 . 3
! / 7 7 \ 2 .-2 i .5 / 7 7 . J .3 .3
| . . . 
i. ■ “ ■
Data fo r Crossbar Off 
X Is distance from center of antenria .
i
Data fo r  Crossbar On 
X Is distance from center of antenna
_
/
TAELE 13: Data f o r  C u rre n t  d i s t r i b u t io n  on F o ld e d  D ip o le .  S=.5>»
X .Galvanometer Deflection
Run 1 Run 2 Run 3
2 2 A 2,4- 2:s
3 24- <4 2 A
S 2.0 2.0 /A
7 /CT
9 .a .3 .9
// . s • s5~ .S~
/5 ■ 3 ■ 3  - . 2
/T .2 .2 .2
/7 . /  t ,/ . /
787 o O O
Data for Crossbar Off 
X is distance from center of antenna
TABLE 14: Data F o r  C u rre n t  D is t r ib u t io n
X Galvanometer Deflection
Run 1 Run 2 Run 3
2 ' 2.3 ^ 2 3  ■ 2.3
5 23 2.4 ' 2.3
S’ 2.r 2:1 2,1
7 A7 AS /. 7
9 /.o /./ / o
// -6 A .6
7z 4 A .4-
/s .3 .3 .2
/ i , , Z : z • 2>
/?-7 J . . > / ■/
Data for Crossbar On 
X is distance from center of antena
on R e f le c t o r .  S = .5 X
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APPENDIX B
This appendix contains a l is t in g  of the equipment used, 
along with their ser ia l numbers, operating ranges, and 
accuracies.
LIST OF ‘EQUIPMENT USED.
O scilla tor- U. S. Army Signal Corps Radio Transmitter 
T-9/APQ.-2, 250-500 megacycles, Ser. No. 781, Delco Radio.
Galvanometer- Leeds & Northrup No. 2400-C, .S en sitiv ity : .0062 
microamperes/div. Resistance: 1098 ohms, Least Count Accuracy:’ 
l/lO of one unit, 20 units fu l l  scale. .
Vacuum Tube Voltmeter- General Radio Type 1800-A, Frequency 
Response: 0-500 megacycles, Accuracy: 2% of fu l l  scale 
reading.
Galvanometer- General E lec tr ic  32C245G13, S en s itiv ity : .00148 
microamperes/div. Resistance: 680 ohms, Least Count Accuracy: 
l/lO of one d iv is ion .
Galvanometer- General Radio Type 189-L, S en s itiv ity : .24 
microamperes/div. Resistance:' 1711ohms, Least Count 
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